This research investigates the
1 Introduction
Wastewater effluents from the paint industries often contain chlorinated phenolic compounds such as 4-chlorophenol (4-CP). [1] Due to its aromatic ring structure and the stability of the C-Cl bond in the ring, this pollutant is resistant to biodegradation. [2] With a concentration of higher than 1 mg/L [3] , 4-CP is toxic to living organisms. If it is ingested beyond the permitted concentration, 4-CP causes health disorders such as nausea and vomiting. [4] Unless treated, the toxicity of 4-CP poses serious threats to the environment and public health.
In recent years, environmental researchers have explored heterogeneous photocatalytic degradation [2] and wet air oxidation [5] to remove 4-CP from contaminated wastewater. Although both treatments can degrade 4-CP into innocuous species that are relatively harmless, they generate toxic intermediate species such as cathecol.
[6] Due to its versatility, commercial activated carbon (CAC) is widely used for water purification. This adsorbent may be effective to remove 4-CP from contaminated wastewater, but it remains an expensive material.
To replace costly CAC, the search for non-conventional materials has intensified in the past five years.
Coconut shell charcoal (CSC), an agricultural waste from the coconut industries, may have the potential to remove organic pollutants such as 4-CP. The exchange properties of CSC are due to the presence of carboxylic and carbonyl groups on its surface, which gives the material acid-base characters. [7] This research investigates the treatment performance of coconut shell charcoal (CSC) in batch mode for the removal of 4-CP from contaminated wastewater. To improve its removal performance for target compound, surface modification of CSC with TiO2, NaOH or HNO3 was undertaken. The removal performances of treated CSC for 4-CP were evaluated and statistically compared. Both the Langmuir and the Freundlich isotherms were used to study their adsorption isotherm. The adsorbent, supplied by Carbokarn (Thailand), was provided in granular form with the surface area of 100 m2/g. Unless otherwise specified, all the chemicals were of analytical grade supplied by Aldrich (USA).
Without pH adjustment, the stock solution of 4-CP was prepared by dissolving 1 g of the reagent into 1 dm3 of deionized water. A pH meter model Orion 4-star (USA) was employed to measure the pH. Adjustment of the pH was undertaken by adding 0.1 N NaOH or H2SO4. Agitation of the system was performed on a rotary shaker type Unitwisit 400 (Germany), while the concentration of 4-CP was analyzed by a spectrophotometer model Spectronic 4001 (USA). 3 Results and Discussion
Effects of Dose
The effects of dose on the removal of 4-CP by all types of CSC were studied at an initial concentration of In addition, the chemical pretreatment of the adsorbent changed its porous structure, texture and adsorptive properties on its surface. In fact, changes in the surface chemistry of the adsorbent not only enlarged its mesopores surface area and introduced new exchanges sites on its surface, but also improved its polarity and affinity when it was used as adsorbents.
Effects of pH
Knowledge of optimum pH is important as pH affects not only the surface charge of the adsorbent, but also the ionization degree and the speciation of the adsorbate. [8] For this reason, the role of H+ in this adsorption process was studied by varying the pH from 2 to 9. The results are presented in Figure 2 . Although 88 % of 4-CP with an initial concentration of 10 mg/L could be removed by the NaOH-treated CSC under optimized conditions (9 g/L and pH 2.0), the concentration of 4-CP in the treated effluent was still unable to meet the permitted limit of 4-CP of less than 1 mg/L. This suggests that another subsequent treatment using a biological process is still required to comply with local environmental legislation.
Isotherm Studies
To establish the design of an adsorption system for 4-CP removal, it is important to establish the most appropriate correlation for equilibrium curves. For this reason, the adsorption data of 4-CP onto all types of CSC was modeled by using both the Langmuir and the Freundlich isotherms. Their adsorption capacities and correlation coefficients are presented in Table 1 . It is observed that the adsorption process was applicable for the Langmuir isotherm, as indicated by its higher coefficient correlations than those of the Freundlich. It is also found that the n values that represent the Freundlich constant of intensity range from 1 to 2 for all types of CSC. This suggests that the 4-CP adsorption on CSC is favorable. The variation of adsorption capacity among the adsorbents indicates that the type of surface group is responsible for the adsorption.
[12]
